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Abstract 
Recently, membrane technology has been extensively investigated for purification of vegetable oils due to simple 
processing, energy saving and many other advantages. In the present study influence of coupling chemical 
pretreatment and membrane filtration (micelle enhanced ultrafiltration) on quality and stability of canola oil was 
investigated. It has been conducted on adding chemical agents (CaCl2, EDTA and SDS aqueous solutions) to canola 
oil miscella before ultrafiltration through polyvinylidenfluoride (PVDF) membrane with molecular weight cut-offs 
(MWCO) 100kDa and 50kDa in a magnetically stirred flat membrane cell. Operation temperature and pressure was 
constant at 25 ޡC and 2 bar, respectively. SDS solution lowered phospholipids content almost completely. The 
reduction of phenolic compounds in SDS- and EDTA-pretreated filtered oil was more noticeable than in the 
processed miscella. On the contrary, the reduction of FFAs was more in the miscella filtered without any chemical 
agents. The membrane exhibited no appreciable affinity towards tocopherols and carbonyl compounds in the oil 
samples. SDS and EDTA played important role in oil oxidation, so that they led to increase in peroxide value. It 
seems that by adding SDS and EDTA aqueous solution which followed by membrane filtration the quality and 
stability of canola oil was increased but it couldn’t replace for deacidification stage of conventional refining. Then 
further research should be done to increase the performance for removing FFA by changing chemical agent or 
membrane material. 
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1.Introduction 
The methods of vegetable oil processing have not been changed for decades and possess 
several disadvantages in terms of high energy consumption, waste disposal, loss of nutritional 
value of oil, formation of trans fatty acids, conjugated dienes and oxidation products [1]. 
Membrane technology primarily is a size-exclusion-based pressure-driven process and may be a 
way to overcome many of these problems [2]. In recent years, different studies have been done 
on degumming, deacidification and decolouration of crude vegetable oils without using any 
chemicals [1,2]. Nevertheless, there have been a few attempts focusing on enhancing reverse 
micelle content as well as hydratable phospholipids (PLs) to improve the performance of 
refining by membranes [3]. The phospholipids present in crude oils are typical amphiphilic 
molecules due to hydrophobic and hydrophilic groups in their molecules which cause formation 
of inverse micelles in a non-aqueous system [4]. These micelles would have affinity for other 
polar components due to large dimensions with hydrophilic polar heads [5]. Colour compounds, 
some FFAs, and other impurities are trapped by the reverse micelles and removed through 
suitable semi-permeable membranes [6].  It has been reported that some chemicals such as 
sodium hydroxide could increase the level of hydratable PLs in crude oil and form of reverse 
micelles, respectively [1]. It is expected that some other chemicals can impact on PL molecules 
and enhance the formation of reverse micelles. Ethylene diamide tetra acetic acid (EDTA), is an 
effective complexing agent because it forms a so stable chelate complex with all polyvalent 
metal ions including Ca2+, Mg2+, and Fe2+. A previous research showed that EDTA in the 
presence of phospholipids broke down phospholipid/metal complexes (PA/M2+ and PE/M2+) 
which increased the hydratabilities of phosphorus compounds and allowed subsequent their 
elimination [7]. In the presence of water, divalent cations such as calcium and magnesium cause 
to aggregate liposomes of hydratable PLs lead to precipitate and facilitate their separation from 
oil [8]. It has been reported that the surfactant molecules reversibly assemble into polymolecular 
aggregates or micelles by gathering the polar heads together in the center of the micelle, and the 
hydrophobic chains extend into the oil.  Micelles are able to encapsulate polar substances within 
their hydrophilic center [9]. surfactants such as SDS either decrease or enhance permeate flux 
because of their adsorptive interactions with the membrane surface which is related to 
electrostatic forces or hydrophobic effects [10]. Since coupling chemicals with membrane 
technology seems to offer a promising method, in the present study, attempts were made to 
evaluate the quality and stability of crude canola oil processed by porous polymeric membranes 
upon the addition of chemicals. 
 
2.Materials and Methods 
It has been conducted on adding chemical agents (CaCl2, EDTA and SDS aqueous solutions) 
to canola oil miscella [3,11] before ultrafiltration through polyvinylidenfluoride (PVDF) 
membrane with MWCOs 100kDa (M183) and 50kDa (M116) in a magnetically stirred flat 
membrane cell at pressure 2 bar and temperature 25 ޡC. The R [%] was calculated according to 
the following equation:  
R [%] = [1 – Cp / Cf] × 100                                                              (1) 
where Cp and Cf are the concentration of component in permeate and feed, respectively. 
The FFAs content was measured by the titration method defined in the American Oil Chemists’ 
Society’s Official Methods Ca 5a-40 [12]. The determination of total phenolics content was done 
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spectrophotometrically using Folin–Ciocalteau’s reagent as described by Capannesi et al. [13]. A 
calibration curve of gallic acid in methanol was performed in a concentration range of 0.04–0.40 mgmL-1. 
The total tocopherols content was determined according to the colorimetric method described by Wong et 
al [14]. The CV of the oils was measured according to the method developed by Endo et al. [15] using 2-
propanol and 2,4-decadienal as solvent and standard, respectively. The PV was determined with the 
spectrophotometric method of the International Dairy Federation as described by Shantha and Decker 
(thiocyanate method) [16]. Phosphorus content of the samples was measured by the standard 
molybdenum blue method as the AOCS method, Ca 12-55 [17]. 
 
3.Results and Discussion 
An overall evaluation of Table 1 shows that M183 membrane was more efficient in 
phosphorus removing than M116 probably due to plugging membrane pores. It seems that size 
exclusion by formation of PLs reverse micelles as well as low solubility of PLs in membrane 
material (according to solution-diffusion model) provided a synergistic effect in their rejection 
[2]. While there was no significant difference among chemicals pretreated filtered oils by M183 
membrane for rejection of phosphorus, all filtered oil samples by M116 exhibited significant 
difference for it. As presented in Table 1, R [%] of phosphorus was minimal in CaCl2 pretreated 
oil samples filtered by M116 membrane. The impact of adding SDS aqueous solution on PLs 
rejection was more noticeable in oil samples by both membranes, M183 and M116, to extend of 
97.56 % and 98.72%, respectively. 
Table 1. Rejection coefficient of phosphorus and free fatty acids (FFAs) in membrane processed canola oil samples. 
 
FFAs [% as oleic acid] 
 
Phosphorus [mg/kg] 
 
Process  
 
Sample description 
permeate R% permeate R% 
Miscella  1.63e 34b 124.20c 89.91b 
CaCl2 pretreatment 2.11b 14.96e 42.74e 96.32a 
EDTA pretreatment 2.12b 14.86e 53.63d 96.63a 
 
M183 
SDS pretreatment 2.75a -10.70f 51.56d 97.56a 
Miscella  1.42f 42.31a 207.60b 75.87c 
CaCl2 pretreatment 1.97c 20.58d 319.63a 61.96d 
EDTA pretreatment 1.38f 34.11b 123.89c 85.58b 
 
M116 
SDS pretreatment 1.82d 26.50c 8.35f 98.72a 
Mean within a column with the same lowercase letters are not significantly different at P < 0.05. 
 
 
The results showed that the FFA rejection by M183 membrane was lower than M116 membrane in the 
oil samples with or without pretreatment. Oil samples pretreated by chemical agents had lower rejections 
of FFA than miscella. In this research, maximum FFA removal obtained about 42.3% by M116 
membrane for filtering oil samples without adding any chemicals. 
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Table 2. Rejection coefficient of tocopherols and polyphenols and peroxide value (PV) and carbonyl value (CV) of permeate during 
ultrafiltration of canola oil samples. 
 
Membrane 
 
Sample description 
R [%]  
tocopherols  
R [%] of 
polyphenols 
PV (meq 
O2/Kg) 
CV (μmol/g) 
 
M183 
Miscella  
CaCl2 pretreatment 
EDTA pretreatment 
SDS pretreatment 
11.3 
-22.3 
-44.9 
-99.5 
-0.15 
-1.88 
30.90 
40.71 
4.3 
5.3 
4.1 
6 
7.8 
6.7 
4.8 
2.54 
 
M116 
Miscella  
CaCl2 pretreatment 
EDTA pretreatment 
SDS pretreatment 
41 
-3.9 
2.19 
-30.4 
-7.32 
-7.85 
-2.13 
25.01 
1.7 
2.3 
3 
5.2 
13.6 
15.8 
10.7 
13.1 
Mean within a column with the same lowercase letters are not significantly different at P < 0.05. 
 
 
Tocopherols and phenolic compounds are natural antioxidants present in vegetable oils and affect on 
the quality of final products desirably. However, as expected, M116 membrane showed higher rejection 
to tocopherols than M183 membrane due to the smaller pore size. Overall evaluation of Table 2 showed 
that by increasing aqueous phase, rejection of tocopherols as lipophilic antioxidants decreased whereas 
rejection of polyphenols as a hydrophilic antioxidant increased. There were no significant differences 
between miscellas and ones pretreated by adding CaCl2 solution. The total polyphenols content were 
reduced significantly in oil samples which pretreated by adding EDTA and SDS after filtration through 
both membranes, however it seems that SDS caused more elimination than EDTA (Table 2). 
Oxidation can alter flavour and nutritional quality of foods and produce toxic compounds, all of which 
can make the foods less acceptable or unacceptable to consumers. Oxidation products typically include 
low molecular weight compounds that are volatile as well as undesirable off-flavour compounds. PV is 
one of the oldest and most commonly used measurements of the extent of oxidation in oils. It determines 
primary oxidation products including hydroperoxides and other similar fat oxidation products which 
responsible for off-quality [18]. It was observed that the addition of SDS aqueous solution resulted in 
higher increase of peroxide value (PV) in the oils filtered by both membranes.  
By development of auto-oxidation of unsaturated lipids, hydroperoxides decomposed into aldehyde 
and carbonyl products. Because the CV is related to decomposition compounds which contribute to 
flavour deterioration, it provides information relevant to sensory evaluation [18].The level of carbonyl 
compounds (CV) was more noticeable in oil samples pretreated by adding CaCl2 solution as well as 
filtered miscella than others. Considering their high PV, it can be concluded that carbonyl compounds 
were transferred to aqueous phase or aggregated in the presence of SDS or EDTA solutions as a result of 
more solubility.  
4.Conclusion 
Chemical pretreatment was able to increase forming micelles and aggregates and enhance size 
exclusion. But some of valuable components such as phenolic compounds may also entrapped in 
aggregates and removed. Further investigations must be focused on the structure of micelles to prevent 
desirable components elimination and improve the quality and stability of oil. 
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